Background The aim of this study was to investigate serum neopterin levels in patients with acute pancreatitis (AP) and its predictive value for mortality in cases of severe acute pancreatitis (SAP) .
Introduction
Acute pancreatitis refers to the activation of pancreatic enzymes by various causes, followed by local inflammation of the pancreas [1, 2] . Systemic inflammatory response syndrome (SIRS) can occur in severe cases and be accompanied by organ dysfunction [3 -5] . Early diagnosis of severe acute pancreatitis and correct treatment is important in order to improve overall prognosis [6] . Studies have shown that once pancreatic inflammatory factors were activated, pancreatic cells could be damaged and in turn activate a large number of white blood cells, specifically neutrophils, leading to severe pancreatitis [7] .
Neopterin is synthesized by human macrophages upon stimulation with interferon-gamma and is indicative of a pro-inflammatory immune status. Neopterin can serve as a marker of cellular immune system activation. Serum neopterin level usually correlates with the extent and activity of the disease and is also a useful maker for treatment response. Correlation between neopterin level and severe infection has been previously reported [8 -10] . In our present work, we determined neopterin serum levels in patients with AP and evaluated its performance as a potential biomarker for mortality risk in patients with MAP.
Material and methods

Patients
Eighty-two patients with acute pancreatitis were divided into two groups, mild acute pancreatitis (MAP, n=51) and severe acute pancreatitis (SAP, n=31) according to severity of disease. In the SAP group, 8 cases developed multiple organ dysfunction syndrome (MODS) and 6 subsequently
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died. Thirty healthy controls from routine medical examination were included in the healthy control group. The patient inclusion criteria stipulated an age range between 18 to 80, with a confirmed diagnosis of acute pancreatitis. The MAP group contained 30 male and 21 females, with the mean age of 48.6 ± 21.4. The SAP group contained 18 male and 13 females with a mean age of 52.6 ± 19.6. The control group, contained 15 males and 15 females with a mean age of 46.8 ± 20.4. All patients within the AP group had their diagnosis of acute pancreatitis confirmed with written informed consent.
Informed consent: Informed consent has been obtained from all individuals included in this study.
Ethical approval: The research related to human use has been complied with all the relevant national regulations, institutional policies and in accordance the tenets of the Helsinki Declaration, and has been approved by the ethics committee of the Lishui People's Hospital of Zhejiang Province.
Serum neopterin examination
After diagnosis had been confirmed, 5mL venous blood was collected from the patients within 12 hours. Serum neopterin levels were evaluated by enzyme-linked immunosorbent assay (ELISA) (Immuno-Biological Laboratories Co., Ltd), in strict accordance with manufacturer's instructions provided with the kit.
Statistical methods
Statistical analyses were carried out using SPSS 18.0 statistical software package (IBM, Armonk, NY, USA). Serum neopterin levels were shown by s x ± and comparisons between groups were made based on the variance analysis of the sample mean. Diagnostic or prediction sensitivity and specificity was calculated by the equation of sensitivity=true positive/(true positive+ false negative), specificity=true negative/(true negative+ false positive). The area under the receiver operating characteristic (ROC) curve was used to evaluate the feasibility of serum neopterin as a biomarker for diagnosis of AP or as a predictor of mortality in patients with MODS
Results
Serum neopterin concentration
The serum neopterin concentration of control, MAP, SAP, SAP_Non-MODS, MODS_survival and MODS_death groups were demonstrated by Figure 1 . Significant statistical differences were found between each group (p<0.05), Table 1 .
Serum neopterin as biomarker for AP diagnosis and mortality risk
The diagnostic performance of serum neopterin as biomarker for AP diagnosis and mortality risk were defined in Table 2 , with ROC curves shown in Figure 2 . 
Discussion
Neopterin is a low molecular mass compound derived from the metabolism of guanosine triphosphate in the human body [11] . It is an important marker of cellular immunity mediated by the lymphocyte-macrophage axis [12] . Clinical studies have shown neopterin levels in serum and urine of patients with bacterial or viral infections (HIV [13 -16] , HBV [17 -19] ), immune-related diseases [20, 21] , tumors [22] and in those with organ transplants [23] were significantly elevated. Longitudinal examination of serum neopterin would allow the monitoring of cellular immune activation and inflammatory response changes. Neopterin is an essential cofactor of nitric oxide synthase (NOS), an effective vasodilator and an important influencing factor of vasodilation and edema in the initial stages of inflammatory disease. The occurrence and development of acute pancreatitis is the result of the continuous aggravation and deterioration of systemic inflammatory response, the breakdown of balance between compensatory antiinflammatory response and the disturbance of immune function. The continued development of this process will eventually lead to MODS. The lymphocyte-macrophage axis in vivo is important for reflecting the activation status of the system. Neopterin is an important marker of cellular immunity mediated by the lymphocyte-macrophage axis which can reflect the severity of AP. Kaufmann [24] reported elevated serum neopterin in AP patients which correlated with disease severity. In addition, Uomo [25] concluded that neopterin may be considered a reliable prognostic indicator for AP patients. Our findings revealed serum neopterin levels in patients with MAP were slightly higher than those from healthy controls, due to the increased activation of monocytes and macrophages. In patients with SAP, neopterin levels were significantly higher than the control with MAP groups, indicative of severe systemic inflammatory reaction. In addition, significant differences were found between serum neopterin levels from patients that died and those that survived within the severe group, correlating to severity of disease. Using neopterin as a serological biomarker, the sensitivity and specificity for predicting mortality were 66.67% and 88.00% respectively, with area under the ROC curve (AUC) of 0.71. This indicated severity of disease correlated with a higher incidence of MODS and an increased mortality risk.
Conclusion
Early examination of serum neopterin level in patients with acute pancreatitis may help to predict and identify the occurrence of SAP and MODS as early as possible, thus providing the basis for early intervention. Serum neopterin may also be used as a predictor of mortality in patients with SAP. However, it must be noted that the sample size was small, only six patients were included in this study, therefore, the predictive ability of serum neopterin for mortality is limited and further investigation is recommended.
